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REPORT BRIEF 
GULTON 20.0 AMPEREI-HOUR 
STANDARD AND ADKYDRODE NICKEL-CADMIUM 
SECONDARY SPACECRAFT CELLS 
Ref: (a) National Aeronautics and Space Administration Purchase 
(b) NASA ltr BRA/VBK/pad of 25 September 1961 w/BUGJEPS first 
(c) Preliminary Work Statement for Battery Evaluation Program 
Order Number Wll,252B 
end FQ-1:WSK of 2 October 1961- to CO NAD Crane 
of 25 August 1961 
1. TEST ASSIGNMENT BRIEF 
A. In compliance with references (a) and (b), evaluation of 20.0 
ampere-hour standard and adhydrode secondary spacecraft cells was 
begun according to the program outline of reference ( e ) .  
B. The object of this evaluation program is to gather specific 
information concerning secondary spacecraft cells. Information 
concerning performance characteristics and limitations, including 
cycle life under various electrical and environmental condjtions, 
will be of interest to power systems designers and users. Cell 
weaknesses including causes of failure of present designs will be 
of interest to suppliers as a guide to product improvement. 
C .  Fifty-four ( 3 0  standard and 21~ adhydrode) 20.0 ampere-hour 
cells (manufacturer ' s rating) were purcha.sed from Gulton Industries 
Inc., Metuchen, New Jersey 'by National Aeronautics and Space 
Administration (NASA). 
11. coNcLus IONS 
A. From the results of this test, it can be concluded that: 
1. The ceramic seals used by Gulton Industries, Inc. are 
satisfactory a s  evidenced by no leakers out of the 54 cells tested. 
2. The capacity of the 54 cells was in the acceptable range 
of 24.7 to 27.3 ampere-hours. 
111. RECOMMENDATIONS 
A. It is recommended that these Gulton Industries, Inc., 20.0 
ampere-hour cells be accepted on the basis of the acceptance test 
results. 
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RESULTS OF ACCEPTANCE TESTS 
6 OF 
20 AMPERE-HOUR STANDARD AND ADHYDRODE NICKEL-CADMIUM 
I. 
SECONDmY SPACECRAFT CELLS 
IvINKJFACTITRED BY 
GULTON INDUSTRIES, INC. 
INTRODUCTION 
A. On 25 September 1967, this activity began acceptance tests 
These tests on 30 standard and 24 adhydrode 20 ampere-hour cells. 
were completed on 15 November 1967. 
11. TEST CONDITIONS 
A. All acceptance tests were performed at an ambient temperature 
between 23" C and 27" C at existing relative humidity and atmospheric 
pressure, and consisted of the following: 
1. Phenolphthalein Leak Test. 
2. Capacity Test. 
3. Cell Short Test. 
4. Immersion Seal Test. 
5. Overcharge Test. 
6. Internal Resistance of the Adhydrode only. 
7. Internal Resistance of the Cells. 
8. Immersion Seal Test. 
B. All.charging and discharging was done at constant current 
(+ 5 percent). 
ually. 
Cells were charged in series but discharged individ- 
111. CELL IDENTIFICATION AND DESCRIPTION 
A. Cells were identified by the manufacturer's serial numbers 
although not consecutively from 658 to 693 for  the standard cells, 
and from 206 to 268 for the adhydrode cells. 
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B. The two types of 20 ampere-hour c e l l s  are rectangular i n  
shape with average heights (base t o  top  of terminal), lengths, 
widths and weights as follows: 
Height Length Width Weight 
- T n e  (Inches) (Inches) (Inches) ( G r a m s )  
0.888 2.975 890.0 Standard 6.933 
Adhydrode 6.935 0.885 2 976 903 5 
The individual c e l l  dimensions and weights are given i n  Table I f o r  
t he  standard c e l l s  and i n  Table I1 f o r  the  adhydrode ce l l s .  Figures 
1 and 2 a re  photographs of the standard and adhydrode 20 ampere-hour 
c e l l s .  
C .  The c e l l  containers or cans, and the c e l l  covers are made 
of stainless s t e e l .  Both terminals of each c e l l  type are insulated 
from t h e  c e l l  covers by new type ceramic sea ls  and protrude through 
the  covers as solder type terminals. 
D. These c e l l s ,  ra ted  by the  manufacturer a t  20.0 ampere-hours, 
were supplied i n  a discharged (with individual shorting wires) 
condition. I 
I V .  TEST PROCEDURES AND RESULTS 
A. Phenolphthalein Leak Test: 
1. The phenolphthalein leak t e s t  i s  a determination of the 
condition of t he  welds and ceramic seals on receipt  of the c e l l s .  
This t es t  was performed with a phenolphthalein spray 5ndicator 
solution of one half  of one percent concentration. 
2. There were no signs of leakage on any of the 54 c e l l s  
subjected) t o  the  leak tes t .  
B. Capacity T e s t :  
1. The capacity t es t  i s  a determination of the c e l l  capacity 
at  the  c/2 discharge rate, where c i s  the manufacturer's ra ted  
capacity, t o  a cutoff voltage of 1.00 vo l t  per c e l l .  
was made after a 1-hour open c i r c u i t  period following the  16-hour 
charge at  the c/10 r a t e .  
a t  t h i s  a c t i v i t y .  The c e l l s  were discharged individually,  but were 
recharged i n  series. 
The discharge 
A t o t a l  of th ree  capacity checks were made 
2. I n  order t o  gather data on the  charac te r i s t ics  of the 
adhydrode, 51 ohms resis tance was used between the  adhydrode and 
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the negative terminal for the first capacity check; 24 ohms was 
used for the second capacity check; and an open circuit of infinite 
resistance was used for the third capacity check. 
3. Since no data was submitted by the manufacturer, it was 
not possible to compare the test results of this activity with those 
of the manufacturer. The individual capacities of the 20 ampere- 
hour standard cells ranged from 24.7 to 27.3 ampere-hours for an 
average of 26.3 ampere-hours. 
adhydrode cells ranged from 25.3 ampere-hours to 27.0 ampere-hours 
for an average of 26.1 ampere-hours. 
standard cells are given in Table 111. 
the adhydrode voltage characteristics for the adhydrode cells are 
shown in Table IV. Characteristic 2-hour rate discharge curves for 
the two types of cells are shown in Figures 3 and 4. 
The individual capacities of the 
The cell capacities of the 
The cell capacities and 
C. Cell Short Test: 
1. The cell short test is a means of detecting slight 
shorting conditions which may exist because of imperfections in 
the insulating materials, or damage to the element in handling or 
assembly. 
2. Following completion of the third capacity discharge 
test, each individual cell was loaded with a resistor of value giving 
a c/l to c/5 discharge rate and allowed to stand 16 hours with the 
resistor acting as a shorting device. At the end of 16 hours, the 
resistors were removed and the cells were placed on open circuit 
stand for 24 hours. 
volts or higher was rejected. 
Any cell whose voltage did not recover to 1.15 
3. The open circuit cell voltages, 24 hours after removal 
of the shorting resistors, ranged from 1.17 to 1.24 volts for an 
average of 1.20 volts on the standard cells and from 1.17 to 1.19 
volts for an average of 1.18 volts on the 22 accepted adhydrode 
cells. 
4. Two of the adhydrode cells were rejected because of low 
voltage (0.92 and 0.95 volts) and after completion of the acceptance 
tests, were returned to Goddard Space Flight Center. The voltage 
values for the 54 cells are shown in Tables I11 and IV. 
D. Immersion Seal Test: 
1. The immersion seal test is a means of detecting leakage 
of a seal or weld. The test was performed before and after the 
overcharge test sequence to determine the presence and cause of 
leaks. 
3 
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2 .  The c e l l s  were placed under water i n  a b e l l  jar container. 
A vacuum of 20 inches of mercury w a s  held for 3 minutes. Cells 
discharging a steady stream of bubbles were considered r e j e c t s .  
3. One of the adhydrode c e l l s  was re jec ted  because of leak- 
age around the  swagelok f i t t i n g  fo r  the pressure transducer. 
defect would not have been present on f l i g h t  or ientated c e l l s .  
This 
E .  Overcharge T e s t :  
1. The overcharge tes ts  were performed t o  determine the  
steady state voltage a t  spec i f ic  rates. The t e s t  specif ied a series 
of constant current charges at  c/20, c/10 and c1'5 rates, f o r  a mini- 
mum of 48 hours at each charge rate o r  u n t i l  the  increase of  the 
"on-charge" voltage was less than 10 mi l l i vo l t s  per day. 
2. The c e l l s  were monitored hourly throughout the tes t .  
There was no need t o  remove any c e l l s  from the  
Charging was t o  be discontinued on c e l l s  which exceeded 1.50 vol t s  
while on charge. 
charging sequence. 
3. The steady state voltage of each c e l l  at the end of each 
48-hour charge r a t e  tes t  i s  shown i n  Tables I11 and I V .  Character- 
i s t i c  overcharge voltage curves a r e  shown i n  Figures 5 and 6. 
F. In te rna l  Resistance Test of t h e  Adhydrode: 
1. Thi s  t es t  was performed t o  determine the  in t e rna l  resis- 
tance of t h e  adhydrode. 
2. During the  c/10 charge rate portion of the overcharge 
t e s t ;  the  voltage drop across t h e  Tl-ohm r e s i s t o r  connecting the  
adhydrode t o  the  negative terminal was measured. 
was then shunted with a 1-ohm r e s i s t o r  for 5 t o  LO seconds and the  
voltage drop across the  two p a r a l l e l  r e s i s to r s  (0.9808 ohms) was 
measured. The in te rna l  res is tance of t he  adhydrode i n  ohms was 
calculated according t o  the  following formula: 
The 51 ohm r e s i s t o r  
v1 - v2 
I 2  - I1 R =  
where V 1  = voltage drop i n  vol t s  across the 51-ohm res i s to r ,  
V2 = voltage drop i n  vol t s  across the  0.9808-ohm res i s to r ,  
I1 = current flow i n  amperes through the  51-ohm res i s to r ,  
12 = current flow i n  amperes through the  0.9808-ohm r e s i s t o r .  
3. The in te rna l  res is tance f o r  the  adhydrode of each c e l l  
i s  shown i n  Table V.  
the adhydrodes of these 20 ampere-hour c e l l s .  
The values range from 3.42 t o  6.99 ohms for  
4 
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G. Internal  Resistance T e s t  of the  Cell: 
1. 
tance of t he  c e l l .  
This t es t  was  performed t o  determine the  i n t e r n a l  resis- 
2. A t  t he  completion of the overcharge test ,  t h e  c e l l s  were 
returned t o  the  c/20 charging rate and given a shor t  pulse ( 5  t o  10 
seconds) at  the  rate of c i n  amperes. 
immediately p r io r  t o  t h e  pulse; and V2, 5 milliseconds after the  
pulse, were read on a su i t ab le  recording instrument. A CEC high 
speed oscil lograph recorder (28.8 inches of tape per second) was  
used. The in t e rna l  res i s tance  of t h e  c e l l  i n  ohms was calculated 
according t o  the  following formula: 
The c e l l  voltages, V1, 
v2 - v1 
=TF-Tqm 
V l  and V2 are  i n  vol t s ,  IC and Ic/20 are i n  amperes. 
3 .  The in t e rna l  res is tance for  each c e l l  i s  shown i n  
Tables I11 and V. 
for  both the  staadard and adhydrode 20 ampere-hour c e l l s .  
The values range from 1.58 t o  2.63 milliohms 
5 
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TABLE I 
GULTON 20 A N P E ~ - H O U R  STANDARD CELLS a 
C e l l  
N u m b e r  
6 58 
659 
660 
661 
662 
664 
66 5 
656 
667 
668 
669 
670 
671 
672 
673 
674 
67 5 
676 
677 
678 
679 
Height 
(Inches) 
6 919 
6 * 959 
6.935 
6 9 965 
6 937 
6.950 
6.936 
6.950 
6.908 
6.936 
6.940 
6.932 
6.935 
6.933 
6 * 945 
6.935 
6.928 
6 9 938 
6.910 
6.930 
6 9 905 
Length 
(Inches) 
0 * 895 
0.900 
0.885 
0.884 
0.884 
0 899 
0.890 
0.892 
0.884 
0.875 
0.885 
0.885 
0.892 
0.888 
0.900 
0.883 
0.890 
0.888 
0.888 
0.880 
0.880 
6 
Width 
(Inches) 
2.980 
2 972 
2 *975 
2.980 
2.975 
2.970 
2.970 
2 970 
2.980 
2 * 975 
2.950 
2.975 
2 * 975 
2 983 
2.970 
2 - 975 
2.975 
2.975 
2.980 
2.980 
2 974 
Weight 
( G r a m s  ) 
905 -0 
905 1 
895 9 0 
897.0 
904 * 5 
895.5 
907.6 
900.6 
899.1 
895.5 
895.5 
894.6 
902.0 
909 1 
880.6 
884.0 
877 0 
881.5 
873.1 
883.6 
881.6 
P 
a / C  68-14 
C e l l  
Number 
680 
682 
683 
68 5 
686 
688 
689 
692 
693 
/ 
TABLE I (contd) 
Height Length Width 
(Inches) (Inches) (Inches) 
6 950 0.880 2 975 
6.925 0.885 2.975 
6 936 0.890 2.975 
6.940 0.885 2.980 
6 9 925 0.885 2.975 
6.925 0.890 2 975 
6.930 0.890 2.980 
6.939 0.890 2.980 
6.915 0.885 2 979 
Weight 
( Grams ) 
869.1 
872.1 
885.0 
883 .i 
882.5 
889.0 
884.1 
889.0 
868.6 
7 
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, 
C e l l  
Number 
206 
207 
208 
210 
212 
213 
2 14 
217 
218 
223 
226 
229 
230 
232 
244 
246 
24-7 
249 
2 51 
260 
26 5 
266 
267 
268 
TABLE I1 
GTJLTON 20 flMpERE-HOUR AD,HYIIROIJE CELLS 
Height 
(Inches) 
6 936 
6.925 
6.939 
6.920 
6.944 
6 920 
6.948 
6.912 
6.916 
6 992 
6.964 
6.938 
6.935 
6.936 
6.934 
6.944 
6.940 
6.940 
6.940 
6.935 
6.924 
6 * 932 
6.944 
6.945 
Length 
(Inches) 
0.880 
0.880 
0.889 
0.885 
0.885 
0.880 
0.883 
0 -885 
0.884 
0.884 
0.888 
0 893 
0.880 
0.890 
0.888 
0.890 
0.885 
0.884 
0.888 
0.880 
o .892 
0.884 
0.884 
0.888 
Width 
(Inches) 
2.980 
2.975 
2 973 
2.975 
2.975 
2.974 
2.975 
2.985 
2.972 
2.975 
2.972 
2 6 985 
2.981 
2 9 975 
2.975 
2.980 
2 * 976 
2.972 
2 979 
2.974 
2.976 
2 - 973 
2.972 
2.984 
* Increased weight caused by gauge f i t t i n g s .  
8 
Weight 
(Grams ) 
899.4 
892.6 
910.2* 
895.0 
905.0 
909.4* 
899 6 
894.7 
915.6* 
702.7* 
918. o* 
920.7* 
921.8* 
920.6* 
905.4-X- 
909 - 5 
924.4* 
892.2 
892.2 
913 5* 
890.1 
880.8 
886.8 
883.2 
9 
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TABLE V 
GUXTON 20 AMPERE-HOm AD€IYDRODE CELLS 
Cell Auxiliary Electrode Cell 
Number Resistance Resist 
(Ohms) (Millio 
206 
207 
208 
210 
212 
213 
214 
217 
218 
223 
226 
229 
230 
232 
244 
246 
247 
249 
2 51 
260 
265 
266 
267 
268 
4.97 1.58 
4.58 2.11 
6.53 2.11 
4.29 2.63 
4.27 2.11 
4.68 2.11 
4.47 2.11 
3.42 1.58 
5.80 2.63 
3.54 2.63 
3.88 2.11 
4.99 2.11 
5.33 2.11 
5.47 2.63 
4.74 2.11 
5.63 2.63 
5.58 2.11 
6.99 2.11 
5.10 2.11 
4.84 2.11 
5.09 1.58 
4.75 2.11 
5.97 2.11 
5.79 2.11 
12 
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DEPARTMENT OF THE NAVY 
NAVAL AMMUNITION DEPOT 
IN REPLY REFER TO: 
From: Commanding Officer,  U. . Naval -mi t ion  Depot, Crane, Indiana 
To: National Aeronautics and Space Administration, Goddard Space Fligh 
Center (716.2, I@. T. 5. Hennigan), 
Correction t o  Figures 5 and 6 of 
(a) NAD Crane ltr QEMl3-HMS:bc 8900 of 16 Apri l  1968 t o  NASA 
enbelt ,  Maryland 20771 
Subj: 
- Ref: 
1. Figures 5 and 6 o f m r a n e  report  e v f  2 February 1968, 
which w a s  forwarded by reference ( a ) ,  are. in e r ro r .  
currents shown i n  the  three  spaces a t  t h e  bottom of the  figures should 
be corrected t o  read as follows: 
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